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© Bipolar transistor structure. 

© A semiconductor device comprises one semi- 
conductor region (1) in contact with another semi- 
conductor region (3) and an impurity-containing 
semiconductor layer (2) formed on the one semicon- 
ductor region (1). An impurity diffusion inhibiting 
layer (4) is formed between the one semiconductor 
region (1) at least on a portion thereof adjacent to 

FIG. 1 



the other semiconductor region (3) and the impurity- 
containing semiconductor layer (2), so that the impu- 
rity from the impurity-containing semiconductor layer 
(2) is inhibited from being diffused near the other 
semiconductor region (3). 
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SEMICONDUCTOR DEVICES 



This invention relates to semiconductor de- 
vices. 

There have been proposed various types of 
ultra-high speed bipolar transistor which have an 
emitter, a base and a collector which are self- 
aligned, and are formed by doping with impurities 
through polycrystalline silicon. Such transistors 
have been disclosed, for example in Japanese laid- 
open patent specification 61/255064. 

Figure 7 shows an example of such a transistor 
which comprises a semiconductor substrate 70, 
and polycrystalline silicon layers 71, 72 and 73 
arranged as shown. A lead region 74 upon which 
an electrode for a base region is to be deposited is 
formed by doping an impurity from the layer 71 . A 
-working region 75-of a- base and an-emitter-region- 
76 are formed by doping with an impurity through 
the layer 72. The layer 73 serves as a collector 
electrode and is deposited over a region 77 which 
serves as a lead electrode or electrode contact for 
the collector. An insulating interlayer 78 such as of 
Si02 is formed between the layers 71 and 73 and 
the layer 72, and the interlayer 78 has side walls 
78W formed as shown. Prior to the formation of the 
side walls 78W and the formation of the layer 72, a 
base connection region 79 for connecting the work- 
ing region 75 of the base and the lead region 74 
for an electrode of the base is formed by ion 
implantation. A low concentration collector region 
80 and a low specific resistance collector buried 
region 81 are also provided. 

In this arrangement, the layer 73 which con- 
tains an impurity and which serves as the collector 
electrode directly contacts the substrate at the 
base side, so that the impurity from the impurity- 
containing polycrystalline silicon layer 73 will dif- 
fuse into the surface of the substrate 70, with the 
possibility that the collector side which is very 
close to or in contact with the base region will be 
highly concentrated. This will cause a lowering of 
the breakdown voltage between the base and the 
collector, with an attendant problem that short- 
circuiting may occur. It should be noted that in 
Figure 7, a thick Si0 2 insulating layer 82 for insula- 
tion separation, or a so-called LOCOS separation 
insulating layer, exists as well as a channel stop 
region 83. 

Another example includes an arrangement, as 
shown in Figure 8, which includes a polycrystalline 
silicon layer 73 which extends through a part of a 
separation insulating layer 82. In this case, how- 
ever, in spite of the fact that the sectional area of a 
portion of the silicon layer 73 extends through the 
separation insulating layer 82, the through portion 
is long and corresponds to the thickness of the 



separation insulating layer 82. This leads to a large 
collector resistance, which inhibits high speed op- 
eration of the bipolar transistor. 

According to the present invention there is 

5 provided a semiconductor device comprising one 
semiconductor region in contact with another semi- 
conductor region, an impurity-containing semicon- 
ductor layer formed on said one semiconductor 
region, and an impurity diffusion inhibiting layer 

10 formed between said one semiconductor region at 
least at a portion thereof adjacent to said other 
semiconductor region, whereby the impurities from 
said impurity-containing semiconductor layer are 
inhibited from diffusing into said other semiconduc- 

15 tor region. 

-According to the present-invention-there is also. 

provided a semiconductor device comprising a 
substrate, a collector region of a first conductivity 
type formed in said substrate, a base region of a 

20 second conductivity type formed in said substrate 
and laterally extending from said collector region, 
an emitter region of a first conductivity type formed 
in said substrate and extending to said base re- 
gion, collector, emitter and base electrodes formed 

25 of impurity-containing material on said substrate 
and respectively contacting said collector, emitter 
and base regions, and an impurity diffusion inhibit- 
ing layer between said collector electrode and said 
substrate so as to prevent the collector to base 

30 resistance from being decreased by migration of 
impurities from said collector electrode to said 
base region. 

According to the present invention there is also 
provided a semiconductor device of the type which 

35 has a semiconductor region in contact with another 
semiconductor layer formed on the semiconductor 
region, and an impurity diffusion inhibiting layer 
formed between the semiconductor region at least 
at a portion adjacent to another semiconductor 

40 region and the impurity-containing semiconductor 
layer, so that the impurity from the impurity-con- 
taining semiconductor layer is inhibited from being 
diffused near the other semiconductor region. 

If the one semiconductor region is a lead re- 

45 gion for a collector electrode and the impurity- 
containing semiconductor region is a collector elec- 
trode, the impurities from the collector electrode 
are inhibited from being diffused towards a portion 
which contacts another region such as a base 

so region. Thus, lowering the breakdown voltage be- 
tween the collector and base regions can be avoid- 
ed. 

The invention will now be described by way of 
example with reference to the accompanying draw- 
ings, throughout which like parts are referred to by 
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like references, and in which: 

Figure 1 is an enlarged, sectional view of an 
embodiment of semiconductor device according 
to the invention; 

Figures 2A to 2K are enlarged sectional views of 
steps of fabricating the device of Figure 1; 
Figures 3 to 6 are graphs of the concentration 
distribution of impurities; and 
Figures 7 and 8 are enlarged sectional views of 
previously proposed semiconductor devices. 
As shown in Figure 1, the embodiment com- 
prises a given semiconductor region 1 and an 
impurity-containing semiconductor layer 2 in con- 
tact with or formed on the region 1. An impurity 
diffusion inhibiting layer 4 for inhibiting diffusion of 
an impurity is provided between a portion of the 
region 1 adjacent to or in contact with another 
Rfimiconductor region 3 and the impurity-containing 
layer 2. 

With this arrangement, the impurity-containing 
layer 2 which is in contact with the region 1 is 
separated from the region 1 at a portion of the 
region 1 adjacent to or in contact with the region 3 
through the impurity diffusion-inhibiting layer 4 pro- 
vided below the impurity-containing layer 2. Thus, 
the diffusion of an impurity from the impurity-con- 
taining layer 2 is prevented, so that a highly con- 
centrated region is not formed in the vicinity of the 
region 3. This ensures an improvement in the 
breakdown voltage between the regions 1 and 3, 
and if the region 1 is a lead out region for a 
collector electrode and the region 3 is a base 
region, the breakdown voltage between the collec- 
tor and the base, V CB o will be improved. 

One embodiment wherein the invention is ap- 
plied to a semiconductor integrated circuit which 
uses a bipolar transistor will now be described in 
more detail with reference to Figure 1 and Figures 
2A to 2K. 

As shown in Figure 2A, a semiconductor sub- 
strate 21 has, for example, a p type silicon sub- 
strate 22 of a first conductivity type selectively 
formed on the main surface thereof, and a buried 
layer 23 is formed which has a second conductivity 
type by having been selectively diffused with an n 
type impurity at a high concentration. An n type 
silicon semiconductor layer 24 is expitaxially grown 
on the substrate 22. 

A lead region 25 for a collector electrode is 
formed by selective diffusion or ion implantation to 
a depth which allows contact with part of the buried 
layer 23 through the layer 24. 

Thereaft r, as shown in Figure 2B, a Si0 2 
undercoat layer 26 is formed on the layer 24 such 
as, for example by surface thermal oxidation, and 
an oxidation-resistant mask layer 27 such as, for 
xample of SiN (Si 3 NO is form d on the entire 
surface of the layer 24. A photoresist layer 28 is 



then formed by an optical technique wherein a 
photoresist composition is applied and exposed to 
light and developed to form the layer 28 on a 
portion where a circuit element is to be formed, 

5 that is, on the buried region 23 in this embodiment. 
The mask layer 27 is selectively etched through a 
photoresist mask or an etched mask of Si02, not 
shown. The undercoat layer 26 is etched through 
the mask layer 27 to a desired depth with respect 

10 to the layer 24 so as to form a groove 29. 

As shown in Figure 2C, the layer 24 at portions 
within the groove 29 which are not covered with the 
mask layer 27 is thermally oxidized on the surface 
thereof to form a thick separation insulabing layer 

75 30. In other words, a 600 to 700 nm thick separa- 
tion insulating layer 30 is formed by the so-called 
LOCOS process. Thereafter, the mask layer 27 
and, if necessary, the undercoat layer 26 are re- 
moved, and the layer 24 is thermally oxidized to 

20 form a Si0 2 surface insulating layer 31 which has a 
thickness of approximately 100 nm on the thus 
removed layer 24 where the insulating layer 30 has 
not been formed. The surface insulating layer 31 
serves as an impurity diffusion-inhibiting layer so 

25 that the impurities in the polycrystalline semicon- 
ductor are inhibited from being diffused as will be 
later described. In this connection, the separation 
insulating layer 30 and the surface insulating layer 
31 should preferably be substantially at the same 

30 level, and thus, the depth of the groove 29 and the 
thicknesses of the layers 30 and 31 should be 
carefully selected. A pattern on the separation in- 
sulating layer 30 and the respective circuit element 
forming regions is formed, for example by ion 

35 implantation to provide channel stop regions 32 of 
a first conductivity type. The ion implantation is 
performed, for example as follows: a p type impu- 
rity, such as boron, is implanted from the separa- 
tion insulating layer 30 at not less than 360 KeV at 

40 a dose of 10 13 to 10 14 cm- 2 , for example at 1 x 
10 1 *cm" 2 , thereby forming the channel stop re- 
gions 32 to a depth across the layer 24. 

As shown in Figure 2D, the surface insulating 
layer 31 is selectively etched by photolithography 

45 to form openings 33 and 34 on the region 1. for 
example the lead region 25 for a collector elec- 
trode on which a collector electrode is to be depos- 
ited, and the adjacent region 3, respectively, with a 
distance W therebetween. 

so As shown in Figure 2E, a non-doped poly- 

crystalline silicon semiconductor layer 35 without 
any impurity is formed, such as a chemical vapour 
deposition (CVD), on the regions 1 and 3 through 
the openings 33 and 34 in the surface insulating 
55 layer 31 . 

As shown in Figure 2F, a first mask layer 36, 
which is a mask for incorporating an impurity for' 
covering a portion including at least the opening 33 
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or a portion which serves as an electrode and 
conductors for the region 1 or the lead region 25, is 
formed by a known optical technique (photographic 
technique) using a photoresist of a given pattern. A 
first conductivity type portion 35i is formed by ion 
implantation of a first conductivity type impurity, for 
example a p type impurity such as boron, in the 
exposed portion of the layer 35 on which the first 
mask layer 36 has not been deposited. 

As shown in Figure 2G, the first mask layer 36 
is removed and a second mask layer 37 for impu- 
rity implantation made, for example of a photores- 
ist is formed in a reversed relationship to the 
pattern of the first mask layer 36. The second 
mask layer 37 is formed either by using an expo- 
sure mask with a reverse pattern (a pattern wherein 
light-transmitting and non-light-transmitting pattern 
portions are reversed) relative to the exposure 
mask used to form the first mask layer 36, or by 
using a photoresist layer of the positive type for the 
first mask layer and by using a photoresist layer of 
the negative type for the second mask layer 37. In 
either case, both mask layers 36 and 37 can be 
formed in reversed patterns with high precision. A 
second conductivity type impurity such as an n 
type impurity, for example phosphorus or arsenic, 
is ion implanted in an exposed portion of the layer 
35 on which the second mask layer 37 has not 
been formed, thereby forming a second 
conduction-type portion 352- 

As shown in Figure 2H, an etching mask layer 
38 such as a photoresist is selectively formed by 
an optical technique on a portion of the layer 35 
where a collector electrode and a base electrode, 
and a base region and an emitter region are to be 
finally formed. The layer 35 is etched through the 
etching mask layer 38 to remove the portions not 
covered by the etching mask 38. 

As shown in Figure 21, the etching mask layer 
38 is removed and an etching mask 39 such as a 
photoresist is entirely formed on the surface. The 
etching mask 39 is selectively removed to form a 
window for a portion where an emitter is to be 
finally formed and a portion where a connection 
base region for connecting the working region as 
the base and a lead region for the base electrode 
are to be formed. The layer 35 is etched through 
the window 40 so as to separate the layer 35 into a 
collector electrode (which may include conductors 
therefor) and a base electrode ( which may include 
conductors therefor) 35B. The base electrode 35B 
formed on the layer 24 is removed by etching 
through the window 24 except in an area which will 
finally serve as the lead region for the base elec- 
trode 35B, thereby forming a cut-away portion 41 . 
The portion of the layer 24 which is exposed 
through the window 40 and the cut-away portion 41 
is ion implanted with a first conduction type impu- 
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rity, for example ap type impurity such as boron, to 
form an impurity ion implanted region 42. Although 
not shown in the figures, a second conduction type 
impurity is deeply ion implanted to form a first 

5 conduction type region 80 which serves to regulate 
the depth of a final base region. 

As shown in Figure 2J, an insulating layer such 
as Si0 2 is formed by CVD with a given thickness 
over the entire surfaces including those in the cut- 
to away portion 41 , followed by thermal annealing so 
as to form a mask layer 43 which is difficult to 
remove by light etching, and then by etching back 
to form side walls 434 on the inner side of the cut- 
away portion 41. As a result, a window 44 which 

75 has an inner diameter which is smaller than that of 
the cut-away portion 41 is formed so as to expose 
a portion of the ion-implanted region 42 of the layer 
24 at an area where an emitter is finally to be 
formed. A pojycrystalline siNcon sejrucqnductor lay- 

20 er 45 is formed by CVD over the entire surface 
including in the window 44. 

As shown in Figure 2K, the layer 45 is etched 
in a pattern by photolithography so as to form an 
emitter electrode (including conductors thereof) 46. 

25 A first conduction type impurity is ion implanted 
through the layer 45 as the emitter electrode 46, 
followed by thermal annealing to form a base work- 
ing region 47 by diffusion and activation of the 
implanted impurity, and to form a base lead out 

30 region 48 by diffusion and activation of the impurity 
from the base electrode 35B. At the same time, 
there is formed a base connection region 49 for 
connecting the regions 47 and 48 by diffusion and 
activation of the impurity from the ion-implanted 

35 region 42. In this manner, a base region 50 is 
formed of the regions 47, 48 and 49. In this con- 
nection, the p type impurity of the region 47 is 
offset by the impurity-incorporating region 80 in 
which n type impurity has been deeply implanted, 

40 so that the depth of the region 47 will be small. 
Thereafter, a second conduction type impurity is 
ion implanted through the layer 45 and thermally 
annealed to form an emitter region 51, and the 
layer 45 is doped with an impurity so as to provide 

45 the low resistance emitter electrode 46. 

As shown in Figure 1, the mask layer 43 is 
formed with windows for electrodes on the collector 
electrode 35C. The emitter electrode 46 and the 
base electrode 35B are each made of a poly- 

so crystalline silicon semiconductor layer, on which a 
conductive layer 52 made of a metal such as 
aluminium formed overall by vacuum deposition 
and then etched in a pattern by photolithography, 
thereby making the collector, base and emitter 

55 electrodes which have low resistance. 

In some cases, in place of the conductive layer 
52 of aluminium, a low-resistance metallic layer 
such as tungsten may be deposited on the respec- 

4 
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tive layers 35C, 35B and 45 for silicidation or to 
form a so-called polysilicide layer on the poly- 
crystalline layer. 

If arranged as set forth above, a collector re- 
gion 53 is formed by a portion of the n type layer 
24 on the buried region 23, and the collector lead 
region 25 is formed on a portion thereof. On the 
collector region 53 there is formed the base region 
50 formed of the base working region 47, the base 
connection region 49 and the lead out region 48 for 
a base electrode, so that a pnp type transistor is 
formed in which the emitter region 51 formed on 
the working region 47 of the base region 50 is self- 
aligned. 

In this device, the collector electrode 35C, that 
is the impurity-containing semiconductor layer 2, 
formed on the semiconductor region 1, that is the 
lead region 25 for a collector electrode in this 
embodiment, is provided with the impurity diffusion 
inhibiting layer 4 of the surface insulating layer 31 
at the side where another region 3 or the base 
region 50 is formed. Accordingly, the impurity from 
the impurity-containing semiconductor layer 2 is 
suppressed from diffusing into the vicinity of the 
base region, thus preventing the lowering of the 
breakdown voltage, V CE d between the collector and 
the base. 

In the embodiment described above, the chan- 
nel stop regions 32 are formed, as shown in Figure 
2C, by ion implantation through the thick separation 
insulating layer 30. In some cases, after formation 
of the groove 29 illustrated in Figure 2B, the chan- 
nel stop region 32 may be formed by selectively 
diffusing an impurity of a first conductivity type, 
that is the p type impurity in this embodiment, into 
a given portion. In this case, however, after the 
formation of the channel stop region 32 by diffu- 
sion, when heating at high temperatures for a long 
time, for example in the LOCOS treatment by 
which the thick separation insulating layer 30 is 
formed, the channel stop region 32 is enlarged so 
that it extends to the neighbourhood of the buried 
region 32, with the possibility that the breakdown 
voltage is lowered. Thus, where an area which is 
sufficient to provide the channel stop region 32 is 
provided, taking into account the possible enlarge- 
ment of the channel stop region 32, the total area 
becomes undesirably large. Additionally, the en- 
largement of the channel stop region 32 may ac- 
company an increase in the junction area, resulting 
in ati increase in the parasitic capacitance. As set 
forth relative to Figures 2A to 21, when the channel 
stop region 32 is formed by deep ion implantation 
after the LOCOS treatment or the formation of the 
thick separation insulating layer 30, the above list- 
ed disadvantages can be prevented. 

In the semiconductor device described above, 
when the base connection region 49 is provided for 
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making connection between the working region 47 
and the lead out region 48 for a base electrode in 
the base region 50 as illustrated in Figures 2A to 
2K, the connection between the working region 47 
5 and the lead region 48 is assured, which results in 
the lowering of the base resistance Rb. However, 
when a connection region 49 is provided, the depth 
of the base becomes large which inevitably leads 
to a greater depth of the working region 47. This 
70 may cause a large width of the base which causes 
lowering of the current amplification factor. As de- 
scribed with reference to Figure 21, when the 
impurity-incorporating region 80 is formed below 
the emitter region 51 at a given distance, the 
75 downward extension of the base region 50 can be 
compensated with the impurity of the region 80, 
thereby regulating the depth of the base region 50. 

On the other hand, in this type of semiconduc- 
tor device, the collector resistance may be reduced 
20 by a method wherein as shown in Figure 1, a so- 
called pedestal region 54 of the collector which 
projects towards the side of the base region on the 
buried region 23 is formed by ion implantation. 
In this case, the compensation method for reg- 
25 ulating the depth of the base region 50, that is the 
ion implantation for forming the impurity-incorporat- 
ing region 80, and the ion implantation for forming 
the pedestal region 54 both use ion implantation 
having an impurity of the same conductivity type. 
30 Accordingly, it has been checked as to whether 
both steps could be conducted at the same time. 
However, it was found that it was not desirable to 
perform these steps at the same time. 

More particularly, when the impurity-incorporat- 
35 ing region 80 is formed by ion implantation of an n 
type impurity, for example phosphorus, at an en- 
ergy, for example of 100 KeV at a dose of 2 x 
10 12 cm" 2 , the formation of the pedestal region 54 
provided on the collector buried region to lower the 
40 collector resistance is effected by dosing an n type 
impurity, for example phosphorus, at an energy of 
300 KeV at a dose of 2 x 10 12 cm~ 2 . The concentra- 
tion distribution of the impurity is shown in Figure 3 
in relation to the depth from the surface of the 
45 polycrystalline silicon semiconductor layer 46 to 
the semiconductor substrate of the resultant bipolar 
transistor. Curve 61 indicates the concentration dis- 
tribution of p type boron in the substrate 22, and 
curve 62 indicates the concentration distribution of 
50 an n type arsenic impurity in the collector buried 
region 23. Curve 63 indicates the concentration 
distribution of an n type phosphorus impurity in the 
epitaxial s miconductor layer 24, the impurity-in- 
corporation region 80 for compensation, and the 
55 pedestal region 54. Curve 64 indicates the con- 
centration distribution of p type boron impurity in 
the base region, and curve 65 indicates the con- 
centration distribution of n type arsenic impurity in 

5 
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the emitter region 51. !n Figure 3, solid line curve 
66 indicates the concentration distribution of the 
total impurities. As shown by curve 63, the base 
width Wb is reduced in size due to the compensa- 
tion of the p type impurity resulting from the pres- 
ence of the portion 63A produced by the ion im- 
plantation for the compensation. On the other hand, 
the collector concentration is increased in the vi- 
cinity of the base due to the highly concentrated 
distribution portion 63B produced as shown in 
curve 63 by the ion implantation which is used to 
form the pedestal region 54, and this forms the 
pedestal region 54 thereby reducing the collector 
resistance. 

The reason why the ion implantation step of 
forming the impurity-incorporating region 84 for 
compensation and the ion implantation for the for- 
mation of the pedestal region 54 are effected sepa- 
rately, is due to the fact that as stated before, the 
conditions for ion implantation which can satisfy 
both the ion implantation for the compensation and 
the ion implantation for forming the pedestal region 
54 are not the same. 

In Figure 4, there is shown the concentration 
distribution of impurities for a case where the ion 
implantation for the compensation and the ion im- 
plantation for the formation of the pedestal region 
54 are not effected, in Figure 4, like reference 
numerals as in Figure 3 indicate like curves. In this 
case, the base width Wb becomes greater than 
that in Figure 3 and the width of the low concentra- 
tion portion of the collector also becomes greater 
than in Figure 3. 

In contrast, when, for example ion implantation 
of phosphorus is effected at 1 00 KeV at a dose of 
2 x 10 12 cm~ 2 , the concentration distribution be- 
comes as shown in Figure 5. The impurity con- 
centration distribution where phosphorus is ion im- 
planted at a higher energy of 360 KeV at the same 
dose of 2 x 10 12 cm"~ 2 , is shown in Figure 6. In 
Figures 5 and 6, curves which correspond to those 
in Figure 3 are indicated by the same reference 
numerals. As will become apparent by a compari- 
son between Figures 5 and 6, where the ion im- 
plantation at the low energy as in Figure 5 is 
effected, the base width Wb can be reduced, but 
any pedestal effect of narrowing the low concentra- 
tion portion of the collector is not produced. When 
the ion implantation energy is increased, little effect 
of reducing the base width Wb is expected as will 
be apparent from Figure 6. The comparison be- 
tween the curves shown reveals that compensation 
and pedestal portion-forming effects cannot both 
be obtained either by the lower energy implantation 
for compensation or by the high energy ion im- 
plantation for forming the pedestal region 54. 

In the above embodiment, as illustrated in Fig- 
ure 2K, the impurity is obtained through the poly- 



crystalline silicon semiconductor layer 45 in the 
emitter and the base. In this case, a natural oxide 
is formed at the interface between the polycrystal- 
line semiconductor layer 45 and the silicon semi- 

5 conductor layer 42. For instance, an approximately 
0.5 to 1 nm thick oxide film is formed on the 
polycrystalline silicon semiconductor 45 during the 
CVD. The formation of this oxide film is not uni- 
form. Accordingly, when an impurity is incorporated 

w in the base and emitter regions, scattering may 
take place at the junction location causing the 
characteristics to be non-uniform. 

In order to avoid this disadvantage, prior to the 
formation of the polycrystalline silicon semiconduc- 

75 tor layer 45. the naturally occurring oxide film may 
be removed for a short time at high temperatures 
by irradiation with heat rays such as from halogen 
lamps, excimer lasers or xenon lamps. Alternative- 
ly, after formation of the poly cry stajline silicon 

20 semiconductor layer 45, it may be annealed in an 
insert gas such as argon, or in a reducing gas 
system such as H 2 for a short time at high tem- 
peratures, so that the oxide film is diffused into the 
polycrystalline silicon. Still alternatively, the oxide 

25 film may be removed by reduction. 

In the above embodiment, an npn transistor is 
obtained but the present invention may also be 
applied to produce a pnp transistor. 

In the device described above, the impurity 

30 diffusion inhibiting layer 4, that is a SiC>2 surface 
insulating layer 31, is provided on a certain region 
1 of the semiconductor substrate 21, for example 
the region to which a collector electrode is at- 
tached, and below the impurity-containing semicon- 

35 ductor layer 2, for example the collector electrode 
35C, so that another region 3, that is the base 
region 50, is inhibited from diffusing the impurity 
from the impurity-containing semiconductor layer 2. 
Thus, there is avoided the disadvantage caused by 

40 diffusion of the impurity from the impurity-contain- 
ing semiconductor layer 2 to a position which con- 
tacts the base region 50, thus causing the collector 
side at a high concentration of the impurity to lower 
the breakdown voltage. Moreover, the impurity dif- 

45 fusion inhibiting layer 4 is provided with the open- 
ing 33, through which a contact portion of the 
impurity-containing semiconductor layer 2, that is 
the collector electrode 35C, is formed. If the open- 
ing is formed so as to have a satisfactory width, the 

so collector resistance can be reduced. 



Claims 

55 1. A semiconductor device comprising one semi- 
conductor region (1) in contact with another semi- 
conductor region (3), an impurity-containing semi- 
conductor layer (2) formed on said one semicon- 
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ductor region (1), and an impurity diffusion inhibit- 
ing layer (4) formed between said one semiconduc- 
tor region (1 ) at least at a portion thereof adjacent 
to said other semiconductor region (3), whereby 
the impurities from said impurity-containing semi- 5 
conductor layer (2) are inhibited from diffusing into 
said other semiconductor region (3). 

2. A device according to claim 1 wherein said one 
semiconductor region (1) is a lead-out region for a 
collector electrode, said other region (3) is a base 10 
region, and said impurity-containing semiconductor 
layer (2) is a collector electrode. 

3. A device according to claim 1 wherein said 
impurity diffusion inhibiting layer (4) is provided 
with an opening which allows the contact of said 75 
one semiconductor region (1) with said impurity- 
containing semiconductor layer (2) and which has a 
width sufficient to lower the collector resistance. 

4. A device according to claim 3 wherein said 
impurity diffusion inhibiting layer (4) is formed of 20 
Si0 2 . 

5. A semiconductor device comprising a substrate 
(21), a collector region (53) of a first conductivity 
type formed in said substrate (21), a base region 

(50) of a second conductivity type formed in said 25 
substrate (21) and laterally extending from said 
collector region (53), an emitter region (51) of a 
first conductivity type formed in said substrate (21) 
and expending to said base region (50), collector, 
emitter and base electrodes formed of impurity- 30 
containing material on said substrate (21) and re- 
spectively contacting said collector, emitter and 
base regions (53, 51, 50) , and an impurity diffu- 
sion inhibiting layer (2) between said collector elec- 
trode and said substrate (21 ) so as to prevent the 35 
collector to base resistance from being decreased 
by migration of impurities from said collector elec- 
trode to said base region (50). 

6. A device according to claim 5 including a buried 
layer (80) formed in said substrate (21) beneath 40 
said emitter region (51). 
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